In a recent issue of Breast Cancer Research, two articles investigate the role of the non-dense breast area (fatty breasts) in breast cancer risk [1,2]. Each presents compelling results to show why non-dense breast area measured on mammograms is as informative as dense breast area in regard to future breast cancer risk. Both studies report a strong association with dense breast area and breast cancer risk. However, Pettersson and colleagues [1] report a signifi cant and rather strong negative association of non-dense area and breast cancer risk, whereas Lokate and colleagues [2] report a modest positive association. Th e two primary results are graphically shown in Figure 1 . Can both be right?
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Breast density is determined by the relative amounts of fat and epithelial and connective tissues that appear diff erently on a mammogram because of diff erences in x-ray attenuation. Fat appears radiolucent or dark, whereas epithelial and connective tissues are radiographically dense and appear light or white. Th e percentage of dense area on a mammogram as well as absolute dense breast area and several qualitative measures of breast density are established risk factors for breast cancer [3] . Th e strength of the risk association depends on the breast density categories being compared. Studies that compare women with at least 75% dense breast area with women with minimal or no dense breast area report relative risks of 4 to 6 [4] . Studies that use comparative groups that are more prevalent, such as lowest and highest quartiles or quintiles of breast density, report relative risks of 2 to 4 [5] . Th e biologic basis of increased breast cancer risk with increased breast density is unknown but is thought to be related to the higher amounts of collagen, stromal tissue, and, to a lesser degree, breast epithelium found in dense areas [6, 7] . One popular theory is that there is an interaction between the stroma and epithelium in the breast and that the increased density of stroma promotes cancer-causing interactions. Conversely, a decrease in the proportion of breast density and increase in the proportion of fat are associated with decreased risk of breast cancer.
Pettersson and colleagues [1] report that the greater the non-dense breast area (regardless of the dense breast area), the lower the breast cancer risk. In other words, fatty breasts have a protective eff ect on breast cancer risk. Two other studies have shown an inverse association with non-dense breast area though not as strong as that reported by Pettersson and colleagues [1] . Torres-Mejia and colleagues [8] report that non-dense area is inversely associated with breast cancer risk but did not report on its independence from dense breast area. Stone and colleagues [9] found a weaker inverse association with non-dense area than Pettersson and colleagues [1] , and the association did not persist when dense breast area was controlled for.
Additional indirect evidence supports the hypothesis that fatty breasts have a protective infl uence on breast
Abstract
Few studies have investigated the association of non-dense area or fatty breasts in conjunction with breast density and breast cancer risk. Two articles in a recent issue of Breast Cancer Research investigate the role of absolute non-dense breast area measured on mammograms and fi nd confl icting results: one article fi nds that non-dense breast area has a modest positive association with breast cancer risk, whereas the other fi nds that non-dense breast area has a strong protective eff ect to reduce breast cancer risk. Understanding the interplay of body mass index, menopause status, and measurement of non-dense breast area would help to clarify the contribution of non-dense breast area to breast cancer risk. [8] used craniocaudal (CC) views. Th is may be an important diff erence between studies. Total breast area, since it includes a greater amount of superior axillary breast tissue, is larger for MLO views compared with CC views. In MLO views, it is more subjective in regard to where actual breast adipose tissue ends and body subcutaneous adipose tissue begins, potentially leading to greater absolute non-dense breast area. Possibly, the body subcutaneous adipose included in MLO views is not associated with a protective eff ect because it refl ects an increase in body mass index rather than breast adipose tissue. Elevated body mass index has been associated with increased breast cancer risk among postmenopausal women not using hormone therapy [12] .
Th is hypothesis can be tested by stratifying post menopausal women according to body mass index to determine whether increased non-dense area on MLO views has a strong association with breast cancer risk among normal-weight women and those with increased body mass index. Second, it would be important to know whether non-dense breast area measured on MLO or CC views on the same woman were associated with increased breast cancer risk. Lastly, examining the association of non-dense breast area on MLO views in premenopausal women to determine whether the results reported by Lokate and colleagues [2] in postmenopausal women could be reproduced in premenopausal women would support their fi ndings.
As highlighted by these two articles, important information, in addition to breast density, that can be measured on mammograms could contribute to a better estimate of breast cancer risk. Quantitative measures of dense and non-dense breast area and possibly other image factors need to be standardized if they are to be used in clinical practice.
Abbreviations CC, craniocaudal; MLO, mediolateral oblique.
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